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Abstract: Emerging evidence has linked poor oral hygiene to metabolic syndrome (MetS), but
previously, no summary of evidence has been conducted on the topic. This systematic review and
meta-analysis aims to evaluate the associations of oral hygiene status and care with MetS. A
systematic search of the PubMed and Web of Sdence databases from inception to March 17, 2021,

examination of reference lists was conducted to identify eligible observational studies. A
random-effects model was applied to pool the effects of oral hygiene status and care on MetS.
Thirteen studies met the indusion criteria and had sufficient methodological quality. Good oral
hygiene status (OR = 0.30 (0.13-0.66); I* = 91%), frequent tooth brushing (OR = 0.68 (0.58-0.80); I =
89%), and frequent interdental cleaning (OR = 0.89 (0.81-0.99); I* = 27%) were assodated with a lower
risk of MetS. Only one study examined the association between dental visits and MetS (OR = 1.10
(0.77-1.55)). Our findings suggested that there might be inverse associations of oral hygiene status,
tooth-brushing frequency, and interdental cleaning with MetS. However, substantial heterogeneity
for tooth-brushing frequency and inconsistent results for oral hygiene status in subgroup analyses
were observed. The: s insufficient evidence for the association between dental visits and MetS.

Further longitudinal studies are needed to investigate these associations.

Keywords: oral hygiene; dental plaque; oral bacteria; tooth brushing; interdental cleaning; dental

visit; metabolic syndrome
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1. In| uction

tabolic syndrome (MetS), a clustering of abdominal obesity, hyperglycemia,
hypertension, and dyslipidemia, represents a growing public health concern globally [1].
Although the pr nce of MetS differs depending on diagnostic criteria, age group, and
ethnicity [q, it 1s estimated to affect around 25% of the world population [2,3]. MetS
raises the risk of type 2 diabetes mellitus (T2DM) and cardiovascular diseases [1] and is
associated with a 20% increase in healthcare costs [4].

Several risk factors for MetS have been identified. Besides socioeconomic status (SES)
[@smoking [6], diet [7], and physical activity [8], oral diseases, such as periodontal
diseases and dental caries, are associated with MetS [9-11]. The link between oral and
@temic diseases is suggested due to common risk factors, subgingival biofilm harboring

ra gative bacteria, and periodontium serving as a cytokine reservoir [12].

r@; oral hygiene is the primary cause of common oral diseases. Accumulation of
dental plaque allows bacterial growth that may lead to inflamed periodontal tissues and
eventually create bacteremia and systemic inflammation [13,14]. Invading bacteria from
severe caries or endodontic infections is also thought to provoke similar mechanisms
[10,15,16]. Chronic low-grade inflammation underlies the development of metabolic
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disorders [17,18], and a study found that systemic exposure to periodontal bacteria was
asso d with MetS [13].

ooth brushing and interdental cleaning, which are the main forms of oral self-care,
together with regular professional care, are important measures for plaque control or
removal and maintaining optimal oral health [19-21]. Poor oral hygiene care is associ
with low-grade inflammation [22], suggesting its potential link to MetS [23]. The
association of poor oral hygiene care with a higher risk of the components of MetS, such
as obesity [24], diabetes [25,26], hypertension [26,27], and dyslipidemia [26,28], as well as
with cardiovascular disease [14,22], has been demonstr .

Although several epidemiological studies have reported the association of oral
hygieneggmtus [29] and care [23,30] with MetS, some studies found no such association
[31,32]. To date, there has not been a systematic review conducted on the topic. A
summary of evidence can provide a better understanding of the potential relationship and
help healthcare practitioners deliver more targeted care. It can provide more substance
for the formulation of public health programs and policies, especially strategies for the
pre jon and management of MetS.

‘ﬁ aim of our study was to systematically review the association of oral hygiene
status and care with MetS and to quantify the strength of associations.

2. Materigdg and Methods

The systematic review and meta-analysis were performed according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [33].
The protocol was registered on the PROSPERO database (No. CRD42021243292) [34]. The
research question was: [s better oral hygiene status or care associated with a lower risk of
MetS?

2.1. Eligibility Criteria

The inclusion criteria were as follows: (1) The design of the study was cross-sectional,
case-control, or cohort; (2) the exposure was oral hygiene status (e.g., oral hygiene index
(OHI), plaque index (PI), plaque score (PSc)) or care (i.e., tooth brushing, interdental
cleaning, and dental visit); (3j#he outcome was MetS, clearly defined using diagnostic
criteria for the condition (e.g., National Cholesterol Education Program Adult Treatment
Panel III (NC| TP III), International Diabetes Federation (IDF), Joint Interim Statement
(JIS)); (4) the study assessed the a ion between exposures and outcome in multiple
analysis. There was no limitation on the characteristics of the study population. Animal
studies, clinical trials, reviews, editorial letters, commentaries, case series, and case reports
were excluded.

2.2.%:’::}{ Strategy

A systematic search was performed on the PubMed and Web of Science databases,
with the following keywords: oral hygiene, dental deposit, OHI, PI, PSc, tooth brushing,
interdental cleaning, dental visit, and MetS. While no date restrictions were imposed, the
language was limited to English. The last search was on March 17, 2021. Details of the
search strategy can be seen in Supplementary Table 51. Examination of reference lists of
eligible studies and relevant systematic reviews were also conducted to identify further
relevant studies.

Q. Study Selection and Data Extraction

Two authors independently screened all titles and abstracts to evaluate eligibility.
Relevant studies were then examined for full-text review. Any ambiguities or
disagreements were resolved by consensus. JabRef 5.2 was used during the review
process.
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Data from included dies were extracted independently two authors using a
data extraction form. The following information was collected: first author, publication
year, study country, study design, sample size, age, gender, type of oral hygiene
assessment, diagnostic criteria used for MetS, number of MetS cases, adjusted odds ratio
(OR) or risk ratio (RR) with 95% confidence interval (CI), and adjustment factors.
Discrepancies in data extraction were resolved by consensus.

2.4. Quality Assessment v

Two authors independently examined the quality of included studies using the
Newcastle-Ottawa Scale for cross-sectional, case-control, and cohort studies, as
applicable. The three main domains examined were the selection of participants,
comparability of study groups, and assessment of exposure/outcome of interest. The total
scores for case—control and cohort studies were 9 points, while cross ional studies
were 8 points [35,36]. The included studies were then categorized into high (=7 points),
moderate (4-6 points), or low (0-3 points) quality. Any disagreements were resolved by
CONSensus.

2.5. Statistical Analyses

Meta-analysis was conducted separately for different types of exposure (i.e., oral
hygiene status, tooth brushing, and interdental cleaning). The OR was used as the
common measure for the association between oral hygiene and MetS. The reported RR
was considered approximately as OR [37]. The data utilized in the meta-analysis were the
estimates and the corresponding 95% CI from the most adjusted model in the studies.

The categorization of exposure varied between studies. Poor oral hygiene status or
care was used as the reference group, equivalent to the highest value of OHI, PI, and PSc
or the lowest frequency category of tooth brushing, interdental cleaning, and dental visits
in each study. If a study classified the exposure into more than two categories, a single
effect estimate was produced by combining the results of the categories using a d-
effects (FE) model [38]. An overall pooled OR for the main analysis was calculated using
a random-effects (RE) model (DerSimonian and Laird).

Heterogeneity was assessed using the P statistic, with the value of 250% representing
substantial heterogeneity [37,39]. Potential sources of heterogeneity were assessed using
prespecified subgroup analyses by study design and country. E ination of publication
bias using funnel plot and Egger’s test was only recommended if there were an adequate
number of studies (>10) [40,41]. 33

Meta-analysis was conducted using the generic inverse variance method in Review
Manager (RevMan) 5.4 software (The Cochrane Collaboration, 2020) [42].

@Resulls

3.1. Literature Search

Figure 1 shows the process and the results of study selection. A total of 595 records
were identified, of wh@lﬁlﬁl were duplicates; 380 irrelevant studies were eliminated. Of
the 71ggadies selected for full-text review, 13 met the eligibility criteria and were included
in the review and meta-analysis.
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Figure 1. PRISMA flow diagram of the literature search and study selection [33]. MetS, metabolic syndrome.

3.2. Characteristics of Studies

Table 1 shows the main characteristics of the included studies. They consisted of
seven cross-sectional, three case—control, and three cohort studies. A study by Shearer et
al. [32] examined data from a cohort study. However, because our exposure of interest
(modified OHI-S) was measured simultaneously with the outcome (MetS) at age 38, we
chose to consider it as cross-sectional and reported the results of their cross-sectional
model.

Eleven studies were from Asian countries, and one study each was from Finland and
New Zealand. All were conducted among adult populations. Publication years ranged
from 2009 to 2020, and the mean sample size was 4251.

Six studies reported oral hygiene status, six studies reported tooth-brushing
frequency, two studies reported interdental cleaning, and one study reported dental visits
as study factors. In the meta-analysis, a study by Tsutsumi et al. [43] was treated as two
separate studies, as it reported the results independently for males and females instead of
total samples. A similar approach was applied to a study by Kim et al. [44], as it provided
separate data on interdental brushing and flossing,.
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Health examination was performed in all included studies to ascertain MetS
conditions. Four studies used the NCEP ATP Il criteria or its adapted version, five studies
used JIS criteria, two used IDF criteria, and two used other criteria to define MetS. The
most common confounders adjusted in the studies were age, gender, SES, smoking status,
alcohol consumption, physical activity, and periodontal parameters. All studies reported
a measure of associations as ORs, except for one study [31].




(0zT1-76'0) S0'L =°ON
[@ouaiagaa] sag,

SNIq [BJUaPIAJUL JO As[]
(IF'1-201) €TL =°N

[@ouaiagaa] sag,

‘safranae easAyd

pue ‘ayeju joyodfe

(ou
10 sa4) ysnagq
[ejuapIajul

Jo asn ‘{ou

- SUBISY J0F . [1] 10 saf) ssoy (80£01 4 earo3] [¥¥] €10z
ISSO[J [EJUAp JO As() ‘Sunjows ‘uoreanpa Q785 612 [EUOTPAS-SS0I)
_ dLV JdON PPHIPOIN [ERPpoieTL FE0S TN THLST ynog “[e 32 Wy
(F1-F0D) €1 =4Apep awp [ ‘swodur ‘apuad ‘ae « a
‘(Aep/sai
(FETTI1) €21 = A[ep sowm ¢ ‘uorssardar ogsido| P/
A>uanbaxy
(aouaaagan) Ajrep sawip ¢=
Surysnag
sfouanbayy Sungsnagyoo ]
-poog,
(1D %S6) MO
(€9'0-6€'0) 050 = A1rep sowrg €2
(1vD 10 ad) ‘popiodal
(££0-£80) 990 = Aqrep sown g
1ajawered [ejuoporad jou a1am JOH
[aouasagar] Aprep awrg 1=
139) JO Jaqunu paonpai pue ], (Aep/saurn)
1vD 4q parsnlpy
‘urmord aanoear PasTEL 10§ SJUDUL)EAL], KLouanbaxy (£L¥1 2 [e¥] zL0Z
(#9:0-0%'0) 0670 = Atep sawp ¢= 456 LiFE [BUOTPAS-SSOI) uede(
- ‘uogdumsuod “Ayisaqo auyap Suysnaq “Fr6¥ W) 12H9 “[e 39 moynyg
(82,0-£50) £90 = Aqep sown g
[oyoofe qiqey 07 2u1/8Y 67 = TING -pooL
(aouatagar) Aprep aurg 1=
Sunjows Tapual ‘afe jo asn ay jdaoxa /, 11
:(d Aq paisnlpy
‘uorssaiSar onsido] dLV JIDN PayIpoN
(1D %S6) MO
Ieax
sjuaunsnilpy  sase) jo [SE) gD auwrSAy  aSuey 1 M)
uone0SSY ufisaq Apms  Agunod uoygednqng
‘sisA[euy [eansne)s Rquny euau)onsouderq  [eiQ joadAy a8y azig ajdureg
‘1o Ny

'SAIPIYS papNpuUI €1 ) JO SONSLDPERIEL Uy ‘T u.dam

81 J0 9

€/8T 01 "TZ0T Paw w0 [




'sgyuopouad aP/3w 0% > TAH "OL
‘Aranoe eosiyd PasIEI 10 Juaurear
(F60-¥80) (dep/soun)
‘ayeu [oyoe 10 7p/8u pg1
£88'0 = (snonunuod) Jurysniq Aouanbay (FetF :d e310Y lor] 610T
‘Guryows ‘uorjeonpa PE|T <9, UIOM U U 6/-6E [BUOTPAS-SSOID)
-pooy Aptep jo fsuanbaiy @ Surysnag ‘098¢ TN ¥1€8 ynog e 3o wry
‘AWOIUT Ploy@snoy G 10 USUI Ul W
(ID %S6) VO -poo],
‘Japuad ‘afe Z DM @y Summopog
‘uorssardaronsido A JO ATOW 10 Y],
*A[@jeTpaurur
suraqoad
‘(sajaqerp 10y
Burafos “Tauurp jo
2nap 10 1p/3w 011
uonjeredard “Appmb
z 0gq ‘uotsuajradiy
Bunea ‘sdeprjoy
10§ 8nap 10 8
(290-ze0) ¥70 = Aprep sawg ¢z Suump aspiaxa ‘anes
i g8 Z Jgd 10/pue
(£80-8%0) 590 = A[rep sown g Aos ut pajioq pooy
B wwr og1 2 dds
(@ouauagar) Aqrep awy [ pue sappid ‘aagod
‘erua puan A[SuaadAy
safeua g urredns ‘gol Jnoqe (Aep/saun)
10§ 2nap ler]
(190-60) Tro=4Apepsawn ¢z Swduom Bumoseas Aouanbay (cFsF :d
tzoe  d07pBuwf > AH 650€ [eUOTPaS-5501D) uede[  gLOg “Bwmyey
(120-6€0) 050 = Aepsown ¢ ajuoaey ‘a8e :sojeway Burysnaq 0L IN) BYSTL
MO] 10/pue p/Sur pue nunsins |
(18:0-0%'0) 26'0 = Aprep awn | ‘skeprjoy Suunp “Woor,
061 2 DL Sumofog
(souazagar) auop  Surdeayasnoy ySm @
(ENGREEE

safey
(1D %56) A0

Surso] ut jsazajur

ue Suraey ‘aajjod

ur 1e8ns ‘dnos Sunea
‘Buruoseas ajuoaey
‘sdeproy Suunp
aspaaxa ‘a8e saey

‘uorssardaronsido

1€ pue (uySy 672
1N g 10/pue ‘uswom
Ul 9,()£Z 10 uaw

ur o,z = 28ejuantad
sseur Apoq) AjsaqO

81 J0 £

€/8T 01 "T20T Paw w0 [




pue asodn(g pajeasfd ajerapout 10

‘Burjowrs
(102 ¥F0) S6°0=USiH autjap o] (jowfjourar ([ I=§'0<) MO[
‘STE)S IMUWOUOIIODOS puteaz [zl 8102
(duaaar) Mo zsL 6£2) %LGZTIIVAH 10 (§0-0) MO[ 8€ 9€8 [eUOIPS-55017)
Mo ‘aapuad MIN e 12 121EaYS
(1D %S6) 40 jossnayjdenxe  A@A)G-THO
‘uorssardar onsido mw
=11 dLV d4ON YIPOW
“papnpur
popRPH (fep L1940 10
jou a1am JOH
"89] JO Jaquinu SN A0S 10
paonpai pue ],
‘xapui [epuopotad auou) saysn.q
PasTEL 10§ SJUDUL)EAL],
(26°065°0) 120 = AepAiang Aumunod ‘axejut [Ejuapaa
"as0on (S pajeaapd
(FS'1-T6°0) 611 = Sownawog Srup [oad3sajoyd 10 ssojy 08 (61¥F1 4 [z¥] 610T
€95 auyap A[euonppe [EUOTPAS-SS0I) uede|
(Pouaiagar) auon] ‘paads Sunea [EIUAp SE YDNS  pue g/ 096 W) 64£T e 12 oj1eg
01 %9°G < S[PAI]
(D %ee) MO ‘umdjydiam ‘asmoiaxa ‘sponpoad
JIVAH Jo asn ayy
‘Bunjows ‘Tapuad ‘afe auad Ay [eio
pue Ajsaqo aurjap
‘uorssardar onsido Arepuodas

03 w3y 6T 2 TN

joasn
jo asn ay ydaoxa 4 g1f

"UONEDIPAL
JmageIpRuUE JO asn
JuaLImd 10 Tp/Sw 01
Z Hd4 ‘uoneIpaw
aasuappdAynue
10 9 wur gg =
daq pue Sy wu
Zdds TIdH paon

10] Juaunean

10 UBWIOM UL
AF&E& 10 UL Ut

81 30 8 €£8T 01 ‘TZOT P 0D [




(S0'1-69°0) €80 = Aqrep sown g juasaid jo taquinu “Aysago ‘(Aep/sown)
dn-moqoy 1eal
(aouatagar) Aprep aurg 1= ‘smye)s [epuoporad auryap 0} jur/8y A>uanbaxy (578 :4 [ez] q10T
TIF o€ -¢ “aanpadsonal uede(
sfouanbayy Sungsnagyoo ] ‘apuai ‘afe S7 = [INg Jo asn ay) Sunysnag ‘69T TN) TTLE “[eja eyeue |,
10O
(D %¢6) O ‘uorssaifaz ogsiSo] ydaoxa sueisy 10§ g ooy, o
‘uondumsuod Juofes
[2103 pue “Aranoe
[eorsdyd ‘swoyduss
aarssardap “(3om "asoon[S pajeaapd pue
(£6:0-61°0) €70 = A1ep sawn ¢z (Aep/saun)
MSIP-UOU 10 YI0M TH pasnpal ‘o], dn-mofjoy 1eak
(1€ T-67'0) 08'0 = Arep soum ¢ £ouenbay 1741 logl z1oz “18
ysap) uonednmno 66 PIsIBI 10] sjusunean - -¢ ‘aanoadsoxd uede(
(@ouauagar) Aqrep awy [ Bunysnaq 11 'CIS SN 689 12 ysedeqoy]
‘[2A3] [EUOLEIN P Surpnpur jou 3daoxa HoyoD)
(ID %S6) VO -poo],
Bunea jseppeaiq ‘SUBISY 10 4 G|
‘smejs Supjuup ‘smejs
Sunjows ‘1apual ‘afe
:._c_mmkwmﬂ nstfo
"as0on (S pajeaapd
UIWING B WILas
auyap 03 WATL
pue ‘ujoad aanoeas
(19 z-<e1'1) pasouSerp Ljsnotaaxd
- Anansuas-ySiy (951 [8¥] 1102
F72°1 = (snonunuod) a100s 1 J GFL 10p/Bw gz 1d qI< [EUOTPAS-SS0I7) uemIe ],
‘Bupjows ‘uoyenpa LN €T “Te e uayD
(1D %56) A0 OJ 470 asn ap 3dadxe

‘apuai ‘afe

‘uorssardaronsido

‘SueISY 10§ , II1

LV ddON PIIPOW

“pro] ATojeuruIefyur

‘eruuadA[3sAp

aanssaxd

poo[q pajesale autjap
Aqreuonippe o s8nap
aasuapadiynue

JO asn ay)

(g1 ySy
10(gT-0'1<)

81 30 6

€/8T 01 "T20T Paw w0 [




(0£91+2T) TI'9 =9T€-16'T (Lze=
{907 = [o1u02
(LTEI-FLT) 18F = 06T-1ST “1apuad ‘age 10 97 E-16T (86T l6z]
90T suesy 10j, S| 8,06 ‘9)g=ased)  wewaip
(dua13ya1) G'TS ‘uorssaifaz onsido] 10 06'T-1S°T HFLLN) TIF 810C "weyd
[onuod—ase)
(ID %S6) VO 10675 1d
siapoweled
[Euopouad
—u_.—.m SaLIed :WW.EW.M
SULIY) UOTPEIIUL
dn-mopog
(98 1-£8'0) 1T =5aX pue {uoneonpa) (ou 10 sak)
o ) ) (o1¢ read-1¢ -/ [1el ozoz
(@ouazagar) oN ST S JMUOUOIIO0S €61 sueadoang 103, g1  anbepd ajqisia ¢F—sg puequry

(1D %%6) ¥ pue (1aaa) Supjows
POOINPE ‘Suoout
Apurey ‘TNg pooypyR
‘apuai ‘afe

UO1SSAITAT UOSSIO ]

JO 2dUAsAL]

04T TN) 988

~17 ‘aandadsoxd

1oyo)

“le 39 uauissn

aurpaseq
e sjuauodwon

S9N JO IaquInu

pue ‘sdn-ypayp [ejuap

‘fouanbaiyy Sunysnag

-j00) ‘aduatajard

pooj “101aeyaq

Arejarp “Aranoe

(66 1-22°0) 01’1 =1em8ay  pesdyd ‘vogdumsuod
(aouaragar) aenBaary [oyoae ‘Auenb
ssdn-ypayp ejuag Suryours ‘smeys

(1610-5F'0) 9°0 = Arep sawp €z [euonedmoo yaa)

(xenSaai 10
1engar) sdn

-payp [ejuap

81 30 01

€/8T 01 "T20T Paw w0 [




‘[#5] @soon(8 pajeaara 10y Juaurearn 1o Tp/Bw 001 DJJ ‘UorsuadAy 105 jusurean
10 8 ww 68 = 44 10/pue S ww g1 2 J4S “TAH P2NPaI 10 judunear) 10 udwom ul (T/oww ¢1) Tp/Bw (6> 10 uaw ur (/joww () 1) Tp/Sw 0 > TAH ‘DL Paster 10§
juaurjean) 1o (/oww £ 1) Tp/Sw 061 = HL “(Pynads-Anunoco pue -uorjendod) Han pasearour pa1y Suimor[oy s jo damyy Aue st uonuap (6007) (SI) Iuawale)s wuauy jurof
YL, [es] WAzl pasou@@ip Afsnoraaid 1o (/oww g-g) Tp/8w T 2 HJJ ‘vorsuairadAy 103 yuswiean; 10 S ww 68 = g 10 SH ww (€T = JgS “TAH PAonpal 10§ jusuryeasy
10 UBWOM Ul (/[oww 7°T) Tp/Sw (6> 10 Uaw ur (Tj/jouww ¢0°)) Tp/Sw oF > TAH ‘OL pastel 10§ juawiear Jo (J/oww £ 1) Tp/Sw 05 1fd o1 1noy Surmorog ayi jo omy Lue
snid (oyypads £prgie) DAL paseadur st uonulap (Go0z) (Jaikdonerapa sajaqerq [euoneuIu] Y[, s [g6] 2500n3 pajealP 105 yuaunean 1o p/Buw 01 = DI ‘vosuatradiy
105 Judwnear) 10 S ww 6§ = J4q 10 S ww (¢ = JgS “TAH PIonpar 10§ JUSWeaI) 10 UdWom ur (J/[ouwu m&. 1p/Bw (6> 10 uaw ur (Jfjoww gop) TP/Sw oF > TAH ‘OL
pasiel 105 yuaunean 1o (/owu /1) Tp/Sw (6T ED 1, (uawom ur (ur 1¢=) wd (g2 pue uaw ul (ur gg=) wd 15y 10]) uawom ur (ur ge=) wd ggz EYuaw ut (ur OF=z) wd ZOL
Z DM @ay Suimor(og ayi jo 2amyy stuonmuyap (5007) M1 LV dADN Paypow ayy, , *[16] Tp/Sw 011 &m “8H ww ¢g/pgT Z 2anssard pooyq ‘Uswom uw Tp/3w (g> 10 U
ur Tp/3w F > TAH “IP/3uW (ST T DI ‘USWOM Ul (Ul Gg<) WD 88< 10 Uaw I (Ul (<) Wd 0T < DM 2AY Suimofiog ays jo sanyy Aue st uonruyap (1002) (I dLV mméa [Jue]
juawnear | Jnpy werfoi ] uonesnpy [012)S3[0 D) [BUOTEN 3 "[EAISJUT 20U PIJUOD ‘[0 ‘OTIEI YSII 3] {ONEI SPPO () [2A3] juaunpeyje [eorurd ‘v Apdap Suiqoid ‘(J xapur
anberd ‘g “xepul suaS4y [ero paygiduns ‘SO Sniaw En_m:u 7 2d & ‘WAzl ‘uiqoSowaey pajen L2 d?ﬁ.ﬂﬁu: 8 ewserd Bunse; ‘g 2mssaxd poopq arjoiserp ‘qga
‘amssard ﬁoowﬁoum%m ‘19 ‘uoadodi AysuapyS1y “TOH S2pua0A[8in ‘O] xapul ssew Apoq ‘TAg 20uaIajunaIn #A& Hﬁumﬁounﬁmm JTjoqEIaW ‘SIAA fA[eWa] ‘i AW N

(dr-11

‘g-1 Arearfes ‘uajoad

AATPEAI-]) WINIAS)

(F8'8€-95°S) (6F = [013u02
SIN[IEUION] ‘(] (€01 [os]
69'F1 = (Snonunuod) a103s 1g PIL s 401 Id  842€ ‘P11 = ase) euy)
“xoput Suipaalq ‘siqey 09 W) €91 0Z0T "e 1@ 1]
(ID %S6) VO [onuod—ase)y

Surjows Tapuai ‘afe
[ prempeq)

uorssaidaronsido]

(89 €TEF6'9) FLF =<

(z<
(8T9L-¥TT) 90EL =TS 1< (96 = [o1uod
‘Bunjows Tapuad ‘afe 10 7—G'[< 10 (cz1 [6¥]
(€9°8T-18'0) 18T =G 1-1< Zsl £ 41 BL-LE ‘761 = as) euny)
‘uorssaifaz ogsiSo] §I-1< 10 13) 1 'S8 TN 80T 6002 “T2 12 1]
(aouaiagal) 15 [onuod—ase)
Id

(1D %S6) MO
Q1070877 064 = LT€E=

81 30 11 €£8T 01 “TZ0T PN w0 [




J. Clin. Med. 2021, 10, 2873

12 of 18

3.3. Quality ﬁver:a‘s of Studies

the included studies were of moderate to high quality. One cross-sectional study,
two case—control studies, and three cohort studies were of high quality. Six cross-sectional
studies and one case-control study were of moderate quality. Details of the quality
assessment of included studies can be seen in Supplementary Table S2.

3.4. Associatjgn between Oral Hygiene Status, Care, and MetS
Figure 2 shows the results of the meta-analysis of associations of oral hygiene 5&5

tooth-brushing frequency, and interdental cleaning with MetS. Good oral hygiene =
0.30; 95% CI = 0.13-0.66), frequent tooth brushing (OR = 0.68; 95% CI = 0.58-0.80), and
frequent interdental cleaning (OR = 0.89; 95% CI=0.81-0.99) were associated with a lower
risk of MetS. While heterogeneity was minimal for interdental cleaning (I> = 27%), there
was substantial heterogeneity for oral hygiene status (P = 91%) and tooth-brushing
frequenca2 =89%).

The association between dental visits MetS was evaluated only in a study by
Tanaka et al. It was found that dental visits were not significantly associated with MetS
(OR =1.10; 95% CI =0.77-1.55) [23].

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Chen et al. (2011) -0.5447 0.2127 18.3% 0.58 (0.38, 0.88) e
Li et al. (2009) -26079 0.5356 14.4% 0.07 (0.03, 0.21) —_—
Li et al. (2020) -2.6882 04967 14.9% 0.07 (0.03, 0.18) ———
Pham (2018) -1.8034 0.2954 17.4% 0.16 (0.09, 0.29) .
Pussinen et al. (2020)

Shearer et al. (2018)

Total (95% CI)

-0.1906 0.1683 18.6% 0.83 (0.59, 1.15) B

0.0513 0.3824 16.4% 1.05(0.50, 2.23) =
100.0% 0.30 (0.13, 0.66) B o
i 2= : Chi? = = = t + t L3
Heterogeneity: Tau® = 0.85; Chi* = 56.21, df = 5 (P < 0.00001); I* = 91% 0.02 01 10 50

Test for overall effect: Z = 3.00 (P = 0.003)

Good oral hygiene Poor oral hygiene

(a) Good versus poor oral hygiene status

Odds Ratio Odds Ratio
Study or Su log[Odds Ratio SE Weight IV, Random, 95% CI IV, Random, 95% CI
Fukui et al. (2012) -0.4943 00717 16.0% 0.61 (0.53, 0.70) TR
Kim et al. (2013) -0.2107 0.0393 17.6% 0.81(0.75, 0.87) 5
Kim et al. (2019) -0.1165 0.0295 17.9% 0.89 (0.84, 0.94) -
Kobayashi at al. (2012) -0.3857 0.2106 8.1% 0.68 (0.45, 1.03) —
Tanaka et al. (2018) -0.2744 0.1039 14.0% 0.76 (0.62, 0.93) —
Tsutsumi and Kakuma (female) (2015) 06162 0.1162 13.2% 0.54 (0.43, 0.68) ———
Tsutsumi and Kakuma (male) (2015) -0.6931 0.1139 13.3% 0.50 (0.40, 0.63) —_—
Total (95% CI) 100.0%  0.68 (0.58, 0.80) -

Heterogeneity: Tau® = 0.03; Chi® = 56.77, df = 6 (P < 0.00001); I = 89%
Test for overall effect: Z = 4.76 (P < 0.00001)

05 07 1 15 2
Frequent brushing Infrequent brushing

(b) Frequent versus infrequent tooth brushing

Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
Kim et al. (flossing) (2013) -0.207 0.0711 36.3% 0.81(0.71,0.93) —
Kim et al, (interdental brushing) (2013) -0.0488 0.0681 38.5% 0.95(0.83, 1.09) "
Saito et al. (2019) -0.0834 00908 25.1% 0.82(0.77, 1.10) T W
Total (95% CI) 100.0% 0.89 (0.81, 0.99) <l

ity: Tau® = 0.00; Chi* = =2(P= 7= I + + y
Heterogeneity: Tau® = 0.00; Chi* = 2.74, df = 2 (P = 0.25); I = 27% 05 07 1 15 2

Test for overall effect: Z = 2.25 (P = 0.02)

Frequent cleaning Infrequent cleaning

(c) Frequent versus infrequent interdental cleaning

Figure 2. Meta-analysis of the associations of (a) oral hygiene status, (b) tooth-brushing frequency, and (c) interdental
cleaning with metabolic syndrome.
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3.5. Subgroup Analyses

Table 2 displays the results of subgroup analysis by study design for ssociation
between oral hygiene status and MetS. The inverse association between oral hygiene
status and MetS was only observed in the subgroup of case—control studies. Subgroup
analysis by study design reduced heterogeneity to less than 50%.

Table 2. Subgroup analysis by study design for the association between oral hygiene status and
MetS5.

Subgroup Number of Studies OR (95% CI) 12 (%) p
Cross-sectional 2 0.72(0.41-1.26) 46 0.17
Case-control 3 0.11 (0.06-0.20) 39 0.19

9 Cohort 1 0.83 (0.59-1.15) B -
etS, metabolic syndrome; OR, odds ratio; Cl, confidence interval; I, percentage of variation due

to heterogeneity; p, p-value for heterogeneity.

%le 3 shows the results of subgroup analyses for E association between tooth-
brushing frequency and MetS. Frequent tooth brushing was consistently associated with
a lower risk of MetS in all subgroup analyses. However, high heterogeneity was still
observed among studies with a cross-sectional design. While subgroup analysis by
country reduced heterogeneity, it remained above 50%.

Table 3. Subgroup analyses for the association between tooth-brushing frequency and MetS.

Subgroup Number of Studies OR (95% CI) 12 (%) P
Study design
Cross-sectional 5 0.67 (0.55-0.81) 93 <0.001
Cohort 2 0.74 (0.62-0.89) 0 0.64
Country
Japan 5 0.61 (0.52-0.70) 55 0.06
9 Korea 2 0.85 (0.78-0.93) 73 0.06
etS, metabolic syndrome; OR, odds ratio; CI, confidence interval; I, percentage of variation due

to heterogeneity; p, p-value for heterogeneity.

4. Discussion

Our systematic review and meta-analysis investigatecp association of oral hygiene
status and care with MetS. Better oral hygiene status, frequent tooth brushing, and
frequent interdental cleaning were associated with a lower risk of MetS. However,
substantial heterogeneity for tooth-brushing frequency and inconsistent results for oral
hygiene status in subgroup analyses were noted. Our review identified only one study
examining the association between dental visits and MetS, and found no association [23].

While our main analysis revealed an inverse association between better oral hygiene
status and MetS, the finding was inconsistent in subgroup analysis by study design. Of all
studies included in the meta-analysis for oral hygiene status, only studies by Shearer et
al. [32] and Pussinen et al. [31], conducted in New Zealand and Finland, respectively, did
not find an association. These different findings might be due to the age of the study
samples. Both studies had relatively younger samples than the other studies, which had a
sample mean age of more than 50 years. The stronger influence of periodontal
inflammations on cardiometabolic health may only be observed in later life [32].
@reover, Pussinen et al. [31] reported both the adjusted RRs for MetS and { values for
the number of MetS components. While the adjusted RR for association between the
presence of plaque and MetS was not significant, the  value for the association between
the number of teeth with plaque and the number of MetS components was significant [31].




J. Clin. Med. 2021, 10, 2873

14 of 18

Our overall findings are in line with other systematic reviews and meta-analyses that
demonstrated an association between oral health or hygiene and metabolic conditions
[9,37]. Poor oral hygiene not only leads to dental infections, such as periodontitis, but it
may also affect systemic health [55]. Periodontal bacteria in plaque, their products, and
resulting local inflammatory response may enter th dstream, directly contributing to
systemic inflammation [56]. Chronic exposure to proinflammatory cytokines, such as
TNF-ox m IL-1p, may alter lipid metabolism, causing hyperlipidemia [57]. TNF-a may
induce insulin resistance by directly affecting target organs (e.g., liver, muscle, and
adipocytes) and by indirectly promoting the production of free fatty acids from
adipocytes [58]. Elevated levels of proinflammatory cytokines may also contribute to
pancreatic $-cells dysfunction, leading to the development of T2DM [57,59-61]. Moreover,
recent evidence showed that Porphyromonas gingivalis might induce metabolic impairment
by altering the gut microbiome [62].

Our study showed inverse relationships of tooth-brushing frequency and interdental
cleaning with MetS. Despite substantial heterogene; the findings of all subgroup
analyses of tooth-brushing frequency were consistent. @oth brushing is the most crucial
self-care measure to control plaque and is a protective factor against periodontal diseases
[63,64]. While a suggestion for proper frequency of tooth brushing could not be given,
most of the included studies used a cut-off point of twice or more daily. Another review
showed similar findings and indicated that brushing less than twice daily might not be
beneficial for the prevention of DM [37]. In addition to tooth brushing, interdental
cleaning is recommended for maintaining oral health. The daily use of interdental brushes
was found to decrease periodontal bacteria, promote symbiotic microbiota, and reduce
interdental inflammation [65]. It was suggested that poor oral hygiene could exaggerate
Met‘g increasing local and systemic inflammation [66].

alternative explanation for the association between oral hygiene care and MetS
might be that it is due to shared risk factors [14] or biased health consciousness. People
with a healthier lifestyle might tend to adopt better oral hygiene care [67]. The fact that
oral hygiene care may merely be an indicator of general health awareness or behaviors
underscores the complexity of oral epidemiology [68]. However, most of the included
studies in our review accounted for important confounders, such as age, gender, SES,
smoking status, alcohol consumption, and physical activity, minimizing the bias.

The association between dental visits and MetS was not demonstrated in the study
by Tanaka et al. [23]. This finding was similar to another study demonstrating no
associations between dental visits, professional dental cleaning, and diabetes. It was
argued that other confounders had more important roles in the development of diabetes
than profe al dental cleaning [25]. However, an earlier review has demonstrated the
benefit of scaling and root planing on metabolic control and systemic inflammation
reductio atients with T2DM [69].

This systematic review and meta-analysis was the first to explore the association of
oral hygiene status and care with MetS. The topic is seen as recent in the scientific
literature, with the earliest identified studies published in 2009. It is also related to an
emerging interest in the interrelationships between oral pathogens, oral microbiome
dysbiosis, and systemic conditions [70]. Exploring this topic is relevant considering the
importance of formulating policies with common risk factors approach to address both
oral and general health [71]. Another strength of our review was the quality of the studies,
which was moderate to high.

Our review might be limited by the methodological weakness of the included studies
with a cross-sectional design. The number of cohort studies was also limited. Moreover,
the restriction of studies to those published in English and the exclusion of a grey
literature search might introduce bias. The risk of publication bias could not be ruled out
and was not assessed in our study due to an inadeq number of studies and high
heterogeneity. Besides study design and country, the potential source of heterogeneity
might be from the variability in measurement methods of oral hygiene status (e.g., the use
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of different indices) and the reporting of tooth-brushing frequency and interdental
cleaning between studies. Moreover, the criteria used to define MetS varied.

Information on tooth-brushing frequency and interdental cleaning was self-reported,
which might be prone to bias. However, it might only be the type of nondifferential
misclassification, leading to the underestimation of true effect estimates. Regular brushing
does not necessarily reflect effective brushing, as the studies did not adjust for the
duration and method of tooth brushing and the type of dentifrice used.

Finally, most of the included studies in our review were conducted among an Asian
population, which may influence the generalizability of the findings worldwide. Further
research conducted among other populations is warranted to provide more evidence.
Using a uniform protocol for reporting oral hygiene (e.g., tooth-brushing frequency) may
also facilitate better comparison.

5. Conclusions

Our study found that there might be inverse associations of oral hygiene status,
tooth-brushing frequency, and interdental cleaning with MetS. However, substantial
heterogeneity for tooth-brushing frequency and inconsistent results for oral hygiene
status in subgroup analyses were observed. There was insufficient evidence on the
association between dental visits and MetS. Further well-conducted studies, preferably of
longitudinal design, are needed to confirm the associations of oral hygiene status and care
with MetS and to explore their underlying mechanisms. Research on this topic will
provide a valuable contribution to our current understanding of the interrelationship
between oral health and MetS.
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